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@ Optical reconHng 

® An optical recording medium whidi comprisas a 
ing layer comprising oxyg^ tallurhmi. 8"" 
and/or tin. in which the proportion of oxygen is from 20tD 60 
atom % and the relative proportions of Te, Ge -nd J» 
within the polygon ABCDEF shown In Figure 2 of the 
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Optical recording medium 
and method n f producing same 

The present invention is concerned with an 
optical recording medium for recording and reproducing 
information using light, heat or the like, and more 
particularly with an optical recording medium which can 
be used to store data for use in a computer and is 
capable of recording and reproducing information at high 
Bpeed. The invention also includes methods of making 
such optical recording media. 

The currently available technology for record- 
ing and reproducing information by using light or heat 
energy, such as a laser beam, is based on the use of 
optical disc systems. As the recording medium for use 
m such applications, it has been proposed to form on a 
BUbstrate a thin film composed mainly of a material of 
the formula p'eO^l (O < x < 2) . 

Optical recording media having a recording 
layer of the foraftila tTeO^l we described, for example, 
m U.S. Patents 3 971 874 and 4 278 73*. U.S. Patent 
3 971 874 discloses a recording material having a thin 
film which is principally formed of a material of the 
formula QTeO^ (O < x < 2) . When irradiated with light such 
as a laser beam, the thin film undergoes a change ft-om a 
low optical density state to a high optical density state 
as a result of a temperature increase caused by the 
25 absorption of light energy. The information is recorded 
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by this change in state and the recorded information may 
be reproduced by detecting this change in optical density. 

In U.S. Patent 4 278 73^, «P *<> 5© mol 96 of S 
and/or Se is present in a thin film a«de of * -^-^^^ 
5 of the formula tTeO^l (O < x < 2.0) or £810^1 (O < x < 1.5) . 

When this thin film is irradiated with light, 
its optical density changes and information is recorded. 
The recorded information may be erased by irradiating 
irith light of sufficient energy. 
O Optical recording media containing material of 

the formula ^TeO T are found to have excellent humidity 
resistance and to be stable for a long period of time 
without deterioration of the recorded information. 

The present invention provides a new optical 
15 recording medium based on the existing optical recording 
medium containing material of the formula LTeO^l and 
having the advantages stated above, but also having 
greatly improved recording and reproducing speed and 
sensitivity so as to be suitable for use as an optical 
20 storage medium for computers. When recording computer 
data in an optical recording medium, for example in an 
optical recording disc, it is necessary to verify whether 
the data has been recorded correctly or not immediately 
after the recording operation. In other words, a hxgh 
.25 speed response capable of reproducing the recorded 

information immediately after recording is required. The 
present invention enables such a high speed response to 

be achieved. 

According to the present invention, there is 
30 provided an optical recording medium vhich comprises a 
recording layer comprising oxygen, tellurium, and 
germanium and/or tin, in vhich the proportion of oxygen 
is from 20 to 60 atom ?6 and the relative proportions of 
Te, Ge and Sn lie within the polygon ABCDBF shoim in 
35 Figure 2 of the accompanying drawings. 



0142868 

3 - 



The recording medium eccording to the 
invention c.n .chiev. . .umci.ntly high recording 
•nd reproducing .peed to be suitable Tor use .„ 
optical storage medium for computer.. The be.t response 
s: — «ve proportion, of Te. Oe .1 

a^cdb; iTjTr 

The proportion of oxygen in the recording 
o7Vt •"•^"""^ 5° the thicKnes. 

Tnd rr ' preferably from 5OO to 2000 X. 

and on both aide, of the recording layer, there is ' 
preferably . humidity r..i.t.nt layer which is trans- 
P«-«.t to light Of «v.length 400nm to lOOOnm. silicon 
dioxide is preferably „.ed for thi. layer. 

of mawne T*""* ^"''•""'>° comprises a method 

of making .„ optical rec»-ding medium comprising a 

~dTiT' '""^"'''"^ germanium 

"ntii : T '^"t-in. a mixture 

of"hi:r — .t least one 

tWeof aluminium -and. a. a solid solution stabiliser, 
at least on, of copper, .inc. iron and nickel, and the 

ZTZ." : -Porative deposition n.ing 

the .lnt«-ed product a. the deposition source. 

is or , °' stabiliser 

1. preferably f^o. 5 to 50 the «ight ratio of 

the sum of the germanium or oxide thereof and the tin 
or oxxde thereof to alumini™. i. preferably fro. 3 to 
20, and the weight ratio of the tellurium or oxide 
thereof to the .„„ of the germanium or oxide thereof and 
the tin or oxide thereof i, preferably trom 0.5 to 2 
6^ r^So/- - temperature or 

^tlhl! i'tf - -P-."ion is 

35 -.position or .leetron beam 

35 deposition. Of the .olid solution .t.bili..r.. copper i. 
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the most effective? it is preferably added in a pro- 
portion of from lO to kO yrt.%. 

An optical recording medium according to the 
present invention has the following advantages: 
5 (1) It responds very rapidly to irradiation 

with light. By making the thin film sensitive to a 
laser beam or similar, recording may be completed in 
less than kO nsec. 

(2) The signal quality is high. When repro- 
lO ducing the recorded information by laser beam, the 

difference in reflectivity A R between the unrecorded 
and recorded areas is extremely large, over 25?6. and 
optical recording of high quality is achieved. 

Furthermore, the following advantages are 
15 obtained by the present method of producing an optical 
recording medium by using the sintered product as the 
sole deposition source: 

(1) The reproducibility of recording layer 
characteristics is excellent. 
20 (2) Variation in the composition of the 

rec(n*ding layer, is negligible. 

(3) There is no drop-out due to sudden boiling. 

(4) Deterioration of the recording layer caused 

by humidity is minimal. 
25 (5) Control of the characteristics axid rate of 

deposition of the recording layer are easier. 

For a better understanding of the invention, 
reference will be made in the following description to 
the accompanying drawings, in which: 
30 Figure 1 is a sectional view of an optical 

recording medium according to one of the embodimentB of 

the present invention? ^ 

Figure 2 is a ternary composition diagram 
showing the relative proportions of Te, Se and Sn in the 
35 optical recording layer; 
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Figure 3 is a sectional view of an electric 
furnace for producing the sintered product which is 
used in the production of the optical recording medium; 

Figure 4 is a sectional view of a deposition 
apparatus for producing an optical recording medium 
using the sintered product; 

Figure 5 is a graph representing the spectral 
reflectivity of the optical recording medium; 

Figure 6 is a graph showing the result of 
humidity resistance tests on the optical recording medium; 

Figure 7 is a graph demonstrating the difference 
in the humidity resistance characteristics of the optical 
recording medium arising from differences in the method 
of deposition of the photosensitive layer; and 

Figure 8 is a schematic diagram of an apparatus 
for recording and reproducing information signals on to 
and from tHe optical recording medium. 

The invention is further described below with 
reference to Figure 1. In this Figure, an optical 
recording medium, lO, comprises a substrate 12 and a 
photosensitive layer l4. Materials which may be used as 
the substrate 12 include, for example, aluminium, copper, 
or other metals, quartz, glass, ABS resin, polystyrene, 
acryl (PMMA; polymethylmethacrylate), polycarbonate, vinyl 
chloride, or other synthetic resins, or acetate, PTFE 
(polytetraf luoroethylene) , polyester , or other transparent 
films. In particular, when polyester film or PMMA sheet 
is used, the transparency is excellent and very effective 
when optically reproducing a recorded signal image. The 
thin film recording layer l4 is formed on this substrate 
12 by evaporative deposition, using one or more deposition 
sources in a vacuun system. 

The photosensitive layer l4 convrises oxygen, 
Te. Ge and/or Sn. The proportion of oxygen is f^om 20 to 
60 atom %i the relative proportions of Te, Ge. and Sn lie 



0142968 

- 6 - 

%fithin the polygon ABCDBF shown in Figxare 2, the co- 
ordinates of which are as follows, expressed as atomic 
Jo's of Te, Ge, and Sn respectively: 

A = (60, 25t 15) 
5 B = (60, 15, 25) 

C = (30, o, 70) 

D = (5, O, 95) 

E = do, 90, o) 

F = (40, 60, O) 

10 An optical recording layer of this composition 

responds very rapidly to irradiation with light. In 
addition, the difference in reflectivity A R between the 
recorded and unr^tfT*^ areas of the medium is extremely 
large, more than 25?«, so that high quality reproduction 
15 is achieved. Recording layers with compositions in the 
polygon GHIJKLMN, within the polygon ABCDEF, have a 
particularly fast response speed and response sensitivity 
is higher, so that an optical recording medium capable 
of responding to light pulses of 40 nsec or less is 
20 obtained. The coordinates of polygon GHIJKLMN are as 
follows, expressed as atomic Ji's of Te, Ge, and Sn 
respectively: 

G = (50, 40, 10) 
H = (55, 30, 15) 
25 I = (55, 20, 25) 

J = (35, 20, 45) 
K = (15, 45, 40) 
L = (15, 75. 10) 
M = (20, 75. 5) 
30 N = (25, 70, 5) 

In the optical recording layer 12 , oxygen may 
be present as TeO^, GeO, SnO, or SnO^, while Te, Ge and 
Sn are apparently present as amorphous forms of Te, GeTe 
and SnTe. Optical density changes caused by illumination 
35 with a laser beam appear to be mainly due ±0 the transi- 
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tlon of amorphous Te, GeTe and SnTe into crystalline 
forms • 

The Te, Ge, Sn, and O present in the optical 
recording layer 12 have their own roles and their 
5 combined characteristics are exhibited only when their 
relative proportions are as defined earlier. The roles 
of O, Sn, Ge, and Te are described in detail below, 
(l) Role of oxygen 

It is believed that oxygen forms oxides with 

lO the Te, Ge and Sn in the film. These oxides TeOg, 

GeO^, SnO^ are effective in stabilising chalcogenides 

composed of Te, Ge, Sn, etc., in an amorphous state in 
the recording layer. Also the presence of these oxides 
in intimate association with the chalcogenides tends to 
15 inhibit oxidation of the recording layer caused by water. 
As a result, the oxygen improves both the thermal 
stability and humidity resistance of the recording layer. 

However, the characteristics attributed to the 
presence of oxygen vary according to its concentration. 
20 The proportion of oxygen in the recording layer ik there- 
fore is limited to a range of 20 to 60 atom %. At less 
than 20 atom %, the chalcogenides do not exist in a stable 
amorphous state and the layer is unstable to heat and 
humidity. At more than 60 atom ?6, the layer is stable to 
25 heat and humidity, but the absolute volume of chalco- 
genides is small and insufficient optical density change 
is obtained on illumination, 
(2) Role of Sn 

The presence of tin in the recording layer, 
30 serves to increase the rate of transition of Te from an 
amorphous state to a cyrstalline state by acting as a 
crystal nucleus. When the concentration of Sn is low, 
the transition time is longer. If the concentration of 
Sn is excessive, the proportions of Te and O are 
35 decreased and the optical density change obtained on 
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illumination is insufficient. The appropriate con- 
centration of Sn in relation to the concentrations of 
Te and Ge has been determined and is limited to those 
values which lie within the polygon ABCDEF shown in 
5 Figure 2. 

(3) Role of Gc 

One of the roles of Ge is to act as a 
crystal nucleus during crystallization of Te, in the 
same way as Sn. In addition, Ge is effective in forming 
10 a more stable amorphous form of Te and thereby raising 
the temperature of transition to the crystalline state. 

As a result, the thermal stability of the film 
is improved and the life of the recording layer is 
extended. 
15 (4) Role of Te 

Tellurium is the principal element respoxtsible 
for producing optical density changes in the recording 
layer. On its own. Te cannot exist in a stable amorphous 
state, but it becomes stable and amorphous when in the 
20 form of a chalcogenide with Ge or Sn In a matrix of 
oxides • 

As stated earlier, the thin film recording 
layer ik is formed on the substrate 12 by evaporative 
deposition. As a first step in this procedure, deposition 
25 sources are prepared. As a source of Te and, optionally, 
oxygen, either elemental Te or TeO^, or both of them, are 
used; as a source of Ge and, optionally, oxygen, eitlier 
elemental Ge or GeO^, or both of them, are used; and as a 
source of Sn and, optionally, oxygen, either elemental 
30 Sn or SnOg, or both of them, arc used. In order that 
oxygen is always present in the film, at least one of 
TeOg, GeOg, and SnO^ must be used. In one Way of carryijig 
out%he process of evaporative deposiUon/ e^^^^ source is 
pit in a quartz container, the outer wall of which is 
35 heated by a tungsten-made coil heater. Alternatively, the^ 
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container „ay be heated directly by electron beams. 
The rate of evaporation from each source is detected by 
an appropriate sensor and may be varied by controlling 
the heater current or the intensity of the electron 
5 beams. The materials evaporated from the sources are 
deposited on a substrate to form a thin recording film. 

An optical recording medium with a recording 
layer composed of Te-Ge-Sn-0 may be produced by such a 
10 l^rrr'**" * Pl-ality of deposition sources, 

but It xs also possible to obtain the same recording layer 
Of Te.Ge-S„-0 by using only one source, and described 
below. 

The main ,f eature of this one source method of 
producing an optical recording medium is that a sintered 
15 product of the appropriate composition Is used as the 
deposition source. The sintered product comprises 
oxygen, tellurium, germanium, tin, aluminium, and, as a 
solid solution stabiliser, at least one of copper, ^.Inc. 
Iron, and nickel, 

20 Figures 3 and k show embodiments of the process 

for forming a thin film recording layer l4 using this 
sintered product. In the first process (Figure 3) a 
mixture containing tellurium, germanium and tin, at least 
one of Which metals Is present In the form of an oxide 
25 thereof, aluminium, and, as a solid solution stabiliser 
at least one of copper, zinc, Iron and nickel. Is put 
in a mortar and mixed well. A ball mill may be used for 
this purpose. Uniform mixing 1, easier when alcohol, 
acetone or a similar solvent is added to the mixture. 
30 The mixed powder 18 is dried, put in a quartz boat 20, 
and heated in an electric furnace 22. The electric 
furnace 22 con5»ri8es a ^u^tz core^'tube 24; heai^ 26 ' 
inmxlating material 28. outer wall 30, and thermocouple 
32. The heat treatment is effected In an Inert gas 
35 atmosphere such as nitrogen or argon, which Is Intro- 
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duced through an inlet 3^ and exhausted through an 
outlet 36. 

A. «hen u=ing . plurality of d.po.ltl.n .ourc, 
the .<»-ce of tellurium ».y be .ny c.p.bl. of frnHnS a» 
„„rph,u. .tat. Of Te. Ct.oJ - Te .Hoy 1» th. recordxns 
leyj^l-.. Tellurium dloxli.: or ele.e„t.lTe are preferred 
for optimum .t.bility of tb. ch«r.ct»i.tio. of the 
recordius layer. The aource. of -"i- "'^ 

any material, capable of for.>i«. 6., S» or their oxide. 
, i„ the recording layer, preferably elemental 6e «.d Sn. 
TeO,. SnO,, and SnO. It i. al.o P-ssible to u.e compound. 

tellurium and «er«a„iu«, or tellurium and ^" 
«ca«pl.. S*r, or SrtTe. Again, at lea.t one of TeO^. 
Geo, and SnO- -u.t be u.ed to provide oxygen. 

* AlLinium play. » i»port«.t role in reducxng 

the oxidel.) of tellurium. ger»«xi«- .nd tin. th«reby 
producing the de.ired oompo.ition of recording lay«. 
A. mentioned earlier, the proportion of oxyg« in tb. 
recording layer greatly affect, it. optlo.1 character- 
istic, and bu»idity re.i.tance. It i.. therefore, 
important to control tb. prop«-tion of oxygen in the 
r^ordlng lay«- «xd tbi. -ill be d.pend«.t on the natur. 
and relative proportion, of the T.. Ge and 
i. the -ixture. Since the reducing ability of 
25 i. greater than that of 6e or Sn and reduction i. .topped 
^ L beat tr«.tment of the ra- material., it i. po..ibl. 
to evaporate the .table .int«-.d product vitb high 
reproducibility^^^ .eduction of the oxide<.) i. Performed 
30 prim^ily by aluminium, if the G. «.d Sn ""J"'^ '^ 
the mixture ».d metal., they al.. reduce oxide, to glv. 
Geo and SnO,. tbe concentration of ele-«.tal G. «id Sn 
oeOj ano . -(.tical density decrea.oB. 

in tbe film I. reduced and tb. optical oen.i , 
Hence the preferred cont«.t of aln-iniu- in the mi^t^re 
,5 i. determined by it. ratio to tb. of the G. co.^one»t 
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.nd the sn co„po„e„t. I„ the present Indention, tW. 
rati. tHet ... the p^erer.e. .e..Ht r.t.o or t,^. 
of the g.r».„l„„ or „«ide thereof .„a the tin „ 
thereof to al„„ani„„ fro. 3 to ao If !h . 
3 l.„ th.n 3. the sn oo„ponen:; reLort^r" 

. Of oxygen ,1 Z ,Z°" P"P-tlon 

>o .ore . r:;::::::tT:.:::t~^^^^ 

. rel.tiv, proportion, of the tellurium 

iTrTi: r""""" 

^'^ also xinDoi<'l:Bn+ *i_ 
aatl.r- + "Portant for the preparation of 

germBnimn or oxide th....„<- j *^ **" 

i« fl-om O ^ / , thereof 
1. ft-on, 0.5 to 2. Only „i.ture. with oompoeitlon. within 
thl. renge produced fll™ ef a.tl.f.ctory Te-G.-S^ 
^ oo^oeltion for u.e „ptio.l reeordln/.edl.. 

In addition to the b..io r.w ».terl.l. . 

ZtZTT " ""^ ^- — - 

tr! / ! *^''"' *° "t.rl.1. hefore hl.t 

treatment and <mr.,.««^- x.. . eiore neat 
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* ^ "^^'^ materials before heat 

Tzzizt — Of depo.iti:r 

elelelt fl^ " " " l-Oi.pen»hle 

thH —Po'iticn of the recording l.y.r. A. 

the solid solution st.blllser, ,t least on. 

. ' ^ •leasx one of copper. 

"^nllnra^l'llr":; " 
at he.: tre."!l"t 

product to for„ . unlfor. sintered 

P duct. Of the four metals, copper is preferred n.. 
proportion of .t.1.111,.r used 1. from 5 to 5oTt ^ rl 

.•"orrifo^.-'i^" '^""'^ -»-tr:in" 

content of raw materials forcing the T,-s.-s„-0 thin fn. 
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is reduced and the stabiliser -etal becomes incorporated 

in the thin film, which is undesirable. The optionxm 

loading is from 10 to kO wt.36. 

To prepare the deposition source, the raw 

materials are weighed and mixed together in the presence 
Of acetone or alcohol. After mixing, the dried mxxture 
is put in a c^art. boat or similar and heated xn an xnert 
atmosphere, such as nitrogen, to form a ^i--^*^;;;-;- 
The preferred temperature for sintering is from 600 to 
T^C. Tt te^eratures below 600^0. the reducing abillt. 

. J. temneratures above 720 C, 



elemental tellurium occur.. 



15 



undesirable evaporation of 

The sintered product may be used d^ectly « 
tbe deposition source or it may be crusbed and ^--^^ 
pellets suitable for use as deposition 'T"""- 
Is effected eitber by resi.tiv. beating -'-•"^"" fj^ 
electron b.». deposition. Fis-re * sbo-s ' "^-i-^; 
apparatus 38 usin, resistive beatins '"^°!^*"''; ^T;„„ . 
J;..«^. in tbe cbamber M -a, be fro- lO to 10 To«. 
^t a strong film «itb bisb adbe.ion is not »""~- 
nressures of greater tban lO"' Torr. Deposition pellets 
ZZ7^C, fTom tbe sintered product obtained — » ^ 
^eTtlent are put in a ,u.rts container 4* and externally 
Terd "y a coll beater ^, a tbin film ^'^^^^ 

is formed on the substrate « placed on •J'™"* 
stand M. Tbe beater te.^er.t»...bould be ^500 to 
1.000°C, so tbat the rat. of deposition «.d film 
composition may be controlled. The coil heater 46 is 
connected to an external P«.»r ^PP^^ 5^ 

30 electrodes 50. irtcal 
The method of deposition by sudden and local 

, u. »,o-n.« is. compared with the method 
heating using electron b^ams is, comp 
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of using a heater, found to give (a) less variation in 
the cos^osition of the fil» because the temp«-ature of 
the deposition source can be increased rapidly and 
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the ..t. of dep„.iti„n i, .a.ier, ,„a (c) l„p.ov,d 



Th, recording l.y.r pr.p.red using . .intered 
— . . -.n,p«..d With th.t obtainod u.ing a plurality of 

to the effect, of ,„,„i«t^. , recording layer 

ohtained hy electron he.„ deposition fro„ . ain^i. Lrce 
. "•t-lo'-ation caused by h^nldity i. .ini».l. ' 
of 'Opposition Of the recording layer 

Of the present invention consist, of .t least T..^^/.o 
.».H «.o„nts of additives a„y be pre.ent in the basic 
ccn,p„siti,n in order to alter its properties ,. de.ired. 
in «a.h ca.es. hovever. the relative proportion, of the 
ba.ic co„n,one„ts in the fixture «u.t be „ai„t.i«ed in the 
range, .pecified above. 

T" '""^'^ obtained by this „.thod is 

-thin .,„brane having . p.!. yellowish or pale bro^ish 

Tol l l^r^"^' ^' P-ororably fro„ 

!pti iT ""-"O. in the 

optical density of the fil. before «.d after recording, 
that xs the difference in trans^tt.™.. and reflectivity 

is substantial. ^ 

record information on to the thin film 
recording layer, any means of illumination, such as a Xe 
riashlamp, He-Ne laser beam, semiconductor laser heam, Tr 

tToZT T '^"^ " *^^t the 

recording layer of this Invention responds to a vide 

range of type, of irradiation, from continuous lighting 

by InfVared ray lamp to laser pulslve light of about 

10 nsec deviation, vlth a resultant increase in the 

optical density. 

35 on tH '^^-^^^"y resistant layer may also be provided 

35 on the recording layer In order to Improve the humidity 
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resistance. For tl^s layer, a film Which is trans- 
parent to the wavelengths of a semiconductor laser, that 
is, over the range l^OOnm to lOOOnm, is required in order 
to be able to record and reproduce satisfactorily; a 
- 5 thin film of oxide.- preferably silicon dioxide,- is found 

to be effective, ^ 

In order that the invention may be more fully 
understood, the following examples are given by way of 
illustration only- 
.0 E«»HXeJL ^ ^^^^ reposition 

sources, The^deposition rates were monitored by a 
quart, oscillator type film thiclcness gauge and were 
1 X/»ec, 1 X/sec. 2 X/sec, and 2 X/sec, -^P-^-^^^' 
15 deposition method was electron beam heating. ^ "^^^^^ 

layer of Te-Sn^e-O of about lOOO X thiclcness was formed 
- on a disc-Shaped substrate, 200mm in 

„ade of PMMA (polymethylmethacrylate) resin and rotating 
at a speed of 150 rpm. The composition of the recording 
20 layer was analysed by Auger spectroscopy and found to be 
Te3,ae,,Sn^,035.^^^^^^^ ,ayer obtained by this method 
was a pale brownish colour. When this film was 
illuminated with li^t pulses f^om a semiconductor laser 
of 830»m by focusitMS the beam into a spot of about 
0.8 urn at a laser power of 7 mW and varying the exposure 
time from lO to 200»sec, recording was completed in real- 
time witl. respect to each light pulse and it was 
noticeable that the film darHened. The recorded area 
could be detected by weakening the same semiconductor 
laser beam and detecting the reflected ligbt. 

Figure 5 shows the spectral reflectivity curve 
of this recording aayer; curve 54 corresponds to the 
initial unrecorded state and curve 56 to the — 
35 state darkened by tlxe laser. At a laser wavelength of 
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830 n«. the difference in reflectivity between the 
unrecorded and recorded areas of the disc was as nntch 
as Z5%. 
Example 2 

5 TeOg, Te, Ge, Sn were used as the deposition 

sources and Te-Ge-Sn-0 thin films of various compositions 
were obtained by varying the deposition rates of the 
sources. When these thin films were illuminated with a 
semxconductor laser beam for 40 nsec. the recording was 
10 completed in realtime for those films with compositions 
lyxng within the polygon ABCDEF in Figure 2 In which the 
proportion of oxygen was from 20 to 60% atom %. In the 
region "above" the polygon, a slight time delay was 
observed till completion of recording. In the region 
15 "below" the polygon, the absorption of light was in- 
sufficient and the recording sensitivity low. 

The best results were obtained from films with 
compositions lying in the polygon GHIJKLMN, within the 
polygon ABCDEF; the response speed was particularly fast 
20 and the films responded satisfactorily to a light pulse 
of less than kO nsec duration. 

The coordinates of points A to N were as 

follows. 

(Te, Ge, Sn) % 
25 As 60, 25, 15 
B: 60, 15, 25 
30, 0, 70 
5, O, 95 
E: 10, 90, o 
30 P: 4o, 60, o 
S: 50, 40, 10 
H: 55, 30, 15 
I« 55, 20, 25 
J« 35, 20, 45 
35 Ks 15, 45, 40 
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L: 15 ♦ 75, 10 
M: 20, 75, 5 

N* 29 70, 5 

Figure 6 Hhows the results of heat resistance 
and humidity resistance tests at k.^C and 85. relative 
humidity; curve 58 represents the relative trans.xss.on 
T/T (where T is transmission and is initial trans- 
.nistion) of a film of composition O^^Te^Q^^^^e^r^^^e^ curve 

' °lio'^«20^'20 °20 .4 „lficantly reduced when 

the hunidity re.i8tBT.ce is .ignif icentiy 
the proportion of oxygen in the fil« ie lees than 20 
at.- «. By comparison, when .i»iiar humidity test, -ere 
conducted on films formed of O^^Te^^^^o^r^io 
5 TeO,. Ge. Sn as deposition sources) «.d O^^T.^Ge Sn^ 
(„s!ng TeO^. GeO^, Sn as deposition source.) . similar 
resu«. to%ho.e%ho-n hy curve 62 in Fis»r. 6 
orained. However, compared with the film oht^ned in 
Example 1. the .p.ctr.1 reflectivity curve of ^ich is 
,0 shown in Fisare 5. the difference in ^ 
between um-ecorded recorded areas was consxderabXy 
reduced, hein. 15« and 7% respectively, the 
taining oxygen at 62 atom * was particularly unsatisfactory. 
Whence proportion of oxygen was from 20 to 60 ato^ ^. 
25 both the humidity resistance and recordxng sene.t.vxt, 
were ..tisfactory. In particular, -hen the proportxon 
of oxyg«. was from 30 to 50 atom «. hoth the hu^dity 
r«i.t«.ce and recording sensitivity were excellent. 
Example 3 

A mixture of the following mat«rial. and 
proportion. ,.. pr.par«i u.ing a —H P«"- 



lO 



15 



20 



25 
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Ge : 12 ^t,% 
Sn : 12 wt.?o 
AA. : 3 yrt,% 
Cu : 30 

Exactly lOOg of the dried powder waa put in 
a quartz boat and heated in an electric furnace 22 as 
shown in Figure 3. The material was put in a core tube 
24 and the furnace temperature gradually raised to 700*»C 
in about 30 minutes, while passing nitrogen gas at a flow 
rate of about 2 litres/hour from the gas inlet 2k to the 
gas outlet 36. After maintaining this temperature for 
about two hours, the material was drawn Into the cold part 
of the furnace and allowed to cool. When it was removed 
from the furnace an hour later, the sintered product 
was Obtained as a dark brown glass. This solid was taken 
out of the quartz boat and part of it was used as a 
source for evaporative deposition using the apparatus 
shown in Figure k. About 200 mg of small lumps of the 
solid was put in a quartz container 44 and heated at a 
temperature of 7O0°C at a pressure of 10-5 ^^^^^ ^ ^^^^ 
transparent fTeOj fil„ ^ith a slight yellowish tint and 
a thickness of about 1200X formed on a PMMA substrate. 
When this filn. was illuminated with a semiconductor laser 
beam of ^ = 9OO na focused through an optical system, the 
illuminated area darkened. 
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Example 



CoinpoBX^i-on 
In vt.9& 


1 


2 


3 




5 


TeOg 


40 








38 


Te 






20 






GeOg 


15 




20 


15 




Ge 




12 






15 


SnOg 




15 


20 


15 




Sn 


12 








lO 


AX 


5 


5 


5 


lO 


7 




Cu ' 


28 


28 


28 


30 


30 J 



Using ttae compo»*^*""- - - . 4« 

1, ixxm BcauF All tlie samples darkened 

Example 3 and tben evaluated. All ttoe s P 

on Illumination. 

. An w+ 94 (O 5, 10, 20» 40, 50. 60 vt.94) and 
were prep«-.d by th. -.th.d d..erlMd in IS^-pl. 3. 
product. »«. «..a t. Pr.P-e fil». by 

d«>.iti.. cH«.g.. m optic^ density ob^ 

,5 illn.in.ti.n ^tb . .«.dconduct.r i..«r beam not 



30 



15 



50 «t.X, the .pticl d.„.it, wa. increased, but the fil„ 

u„.t.«e .„d the br,.„ tr.nsp.rent r,,L fresh frol 
deposition soon he..n to ch.„.e .t roo. te^per.tl i.to 
.n .P„ne. Slightly metallic hl.clc fil»,. when the 

bro-„ recording layers of a transparent 

"r""" ' ^'"°""'> "-e ohtained. Which 

:: » ---onductor la^er'i. 

lysis of the composition of the fil„s by Auger 
Example 6 

Btabill ""^"^ " «t«te 

«Bed xn thxs Example. Also, material of 20 aton. 
and 10 atom J6 zinc. — - - °" ''"PP^'" 



ratomT" ' ""^^^^'^^ -PP- 
20 Exal«r '^"^ ''^-^ " this 

20 Example. In all cases, brotm or black sint.^ ^ \ 

were obt«-!„«^ ^ ^ oiack sintered products 

..e'^ibldT ; t*. -ethod 

Z ZT ' ' films ev.l„.ted. 

LZ l ' "1-in.ted «ith a 

25 "■»»-"^°» the fil.. by 

v„i.ti.„ in the cos^osition of each fil„. but they .ere 

using copper as the solid state stabilise-. 
Example y 

The sintered product obtained in Example 3 
-a. crushed into powder. About . g .f thi. p..:.; i. 

P xiet Of 20 mm diameter and about 15 mm thickness. 

onto deposited 
o-t. a Pyr«. (Tvade Mark of Corning Olas. Works, ^bstrate 



30 



35 
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» .f th. type Bho»n i» flsure 4 by heating 
in .n app.^.t». ot , .lightly 

(.) . "..t-r .nd (b) ele obtained 

y.iw.b br.«. t.in «^ ^^^^^ 

^ both c... «.« ^ relative 

. tb.r«..t.tlc oven controlled • 5 ^ „easured 

.^idity the — rl/ion o. the 
periodically (Fisure 7), ^„ 
prepared u.ins '^'^n/re ^lrprepared ueins tbe 

» H«>at.er (curve oHJ a^iQ 

rtre .«ect. o. b^^dity and te..erat„re. 

Ueins P.ll.t. ot co„p..iti.n 5 in Exa-ple X 
DBlng P .,.„tron beam heating, an 



KieamDle 



».ins bea„ heati^s. 

the depoeition „_ding layer .r 

5 optical "'^^-'^ro; ir:hic».ess deposited .t a rat. 

T.-G.-Sn.O of aboat 1800 A thictoe.. 

,00 ^ - .Ui.ents to record »d 

^«+-ical recording and 
«, reproduce inf ore^tion ^ f^L in .i««re 8. The 
reproducing appar.tu. of the yp pollinated 
„,.t emitted fro„ • ^-.T^^ .^ped into . 

„, a len. 70 into a he.. 72, -hxch^ ^^^^^^ 

round or. ction by ,i„iiy focused 

25 to a P«-ll.l • .^„„t 0.8 ,.m 

on to the disc 8» . ""^ °^ ^ „^ors 

.laneter by -ean. of . fourth lensj^ 

78 80. The «... or record, th. 

,ii^n.t.d vith -^;;:-::Li,.ing th. 

30 information. In tWs ^-y* J' siimals may be 

^- ^-—T. various information sxgnaxo 
conductor laser, y"'^*''*' darHened film. 

— rr.tr t:: r—ded --t!:' 
ii.ht 88 r.f..t.d ----r. i: - 



by the Half mirror 80, 
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detected by the photosensitive diode 92. 

The semiconductor laser- K^o 
8 «W, was modulated ' ^ °^ 

moauiated at a single frequency of 5 MH, + 
Illuminate the disc rotating at l80O 
5 was recorded. The C/N T """"^ ""^ information 

analyser and foun. tThlTdB" -asured using a spectrum 
jExample ^ 

peai.ts JTZ^TK T' " -te..al., 

measured by the ^ '^^ ''a* 

— "jr *ne method used in v-^^^^t o 
=peed response nerr E'^ample 8 and the high 

changrs z z^::;^^:::^::^'^ — 

20 - the 0-n.arlc was given when ''""''"^ 

between the value ^br. ! " "° difference 

^ value obtained immediatelv ^r+^^ 
th.t „e.su.ed t„. „i™t,3 ^ter the J T 
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30 



35 





TeOg 1 


Ge 


Sn 


7i — TT" 

TeOg/CGc+SnJ 


C/N(dB) 


High speed 
response 


1 




4.37g 


7.l3g 


0.47 


42 


0 


2 


5.64 


4.42 


6.87 


0.50 


45 


0 


3 


5.99 


3.81 


7.13 


0-5^ 


50 


0 


4 


6.11 


4.45 


6.36 


0.56 


53 


0 


5 


7.06 


3.75 


6.12 


0.72 


57 


0 


6 


8.09 


3.68 


5.16 


0.92 


58 


0 


7 


10.21 


1.39 


5.32 


1.55 


58 


0 


8 
9 


11.07 
11.31 


1.37 
2.53 


4.49 
3.09 


1.89 
2.01 


56 
50 


0 
A 


10 


11.46 


2.37 


3.10 


2.09 


51 




11 


11.67 


2.89 


2.37 


2.21 


52 


X 



It i. cXear from Table 2 that when the ratio 
T.OV(Ge.S») i. le.. than 0.5. the hi«h speed -"P-" " 
s.tr..actor„ hut the C/» value la low. When the ratio 
i. larser than 2. the C/N value ia 50 dB or -or., hut the 
Jsh speed response is poor. The preferred ratio for 
Te02/(6e*Sn) is therefore from 0.5 to 2.O. 

^^"^^USIUS TOO,, Oe. sn. ra. materia... peXl.t. 

.ere prepared h, the method descrlhed In Example 7. Th. 
total -el,ht of the sample -as 26 »hloh conaxsted of 
7.80 g of copp« and v«:lo». «.ou»t. of TeO,. Sn 
and At. optical dlac. were pr,p«-ed by the -^'-^ 
described In Example 8. «cc apt that a , 
< 18 X 18 X 0.2-) for evaluation of humidity resistance 
lis :.ed !n addition to th. PMHA substrate. The disc. 



01429OC 



- 23 



lO 



then evaluated and the results are shown in Table 3. 
The C/N value was measured by the method used in Exampi . 
8. To evaluate the humidity resistance, the thin film 
deposited on the glass substrate was put directly into 
a thermostatic oven controlled at 60**C and 90?« relative 
humidity for ten consecutive days and then taken out 
and observed microscopically. The o-mark was given when 
there was no change in the condition of the film after 
ten days* exposure, the ^-mark was given when partial 
dot patterns appeared, and the x-mark was given when dot 
patterns appeared over the entire surface of the film. 



Table 3 



5 


TeOg 


Ge 


Sn 




(Ge4Sn)At 


C/N 


Humidity 
resistance 


1 


12.07 


1.69 


2.07 


2.37 


1.59 


54 


X 


2 


11.31 


1.72 


2.80 


2.37 


1.91 


54 


X 


3 


11.09 


2.29 


3.00 


1.82 


2.91 


55 


X 


k 


10.59 


2.85 


3.10 


1.98 


3.01 


56 


^^ 


5 


10.24 


2.33 


3.81 


1.82 


3.37 


54 


0 


6 


11.07 


1-37 


4.49 


1.27 


4.61 


56 


0 


7 


7.93 


3.09 


5.90 


1.27 


7.08 


57 


0 


8 


7.21 


3.83 


6.26 


0.91 


11.09 


58 


0 


9 


8.44 


3.84 


5.38 


0.55 


16.76 


55 


0 


10 


7.36 


3.91 


6.39 


0.55 


18.7 • 


52 


0 


11 


8.12 


4.21 


5.39 


0.48 


20.0 


43 


0 


12 


10.15 


4.18 


3.52 


0.35 


22. 0 


35 


0 



It is clear from Table 3 that when the ratio 
(Ge+Sn)/A* is less than 3, the C/N value is satisfactory 
(more than 50 dB) . but the oxygen content of the film 
is reduced and the humidity resistance is therefore poor. 
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W.en t.e ratio is Xar.er t.an 20, t.e Wdity resistance 
i« excellent, but the C/N value is worse (less than 

TO latisry hoth recording characteristics ana 
humidity resistance, the preferx^ed ratio for 
CGe+Sn)/At is therefore from 3 to 20. 
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Claims 
1. 



sure 2 of the accompanying drawings. 

1. irjr^°:; .ccordi„g to 

and s , • 'elativ. proportion, of Te Ge 

2 Of " ^'"^■'^ -o™ .n 

•! Of the accompanying drawings. 

fiai. . """"^ recording „,di.„. .cc«.di„g to 

Tot 3oi:: r — - - 

Claim. rtH'^i"! TT''"' *■> 

ff Claim. TJTT ""■"""^ "°">">^'^ *• 

that . • •"^""y reaiatant layer, 

that are transparent to light h.^l», "y«r. 
400 to l.ooo n„ f ^ ° "'velength Of fi-om 

racordin^'la^r ''° 

si in .hicrthrtr"' 

wnicl. the transparent humidity re.l,*._» . 
ar. formad of .ilic„„ "ai.tant layer. 

^* ^ method of uaklns an i 

Se^manlun. and tin wMch I L ! tellurium, 
na tin, which method comprlaes .Interlng a 
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nicKei, ■ ^.^ wintered product as tbe deposxtxon 

deposition using the sxnterea pr 

source* 

,,iae IB teXlarlu» dioxide, .er».»lu» oxide, or txn 
oxide. 

A ..«od .ocordins to cl.i- 7 or 8, i» ^Hich 

:;e ^xture contain. 5 to 5<« ""^ 
solution stabiliser- 

+ft anv of- claims 7 to 9» 
io A method accordxng to any oi 

+ 4«« lO to 40?6 by weight of 
in which the mixture contaxns lO to «» 7. 

the solid solution stabiliser. 

---Tir.r:Lv::niri^^ 
:re Terrr r t^ z t^ere,, to 

in the mixture, 1» from 3 to 20. 

,2 ' '*..t^d.ccordinsto».yoirclai».7toll, 
^ *•« «r the tellurium or oxxde 
^ich t-.-ig-;;*;: ::;iLum or oxide thereof and 
thereof to the sum of the germa ^^^^ 
the tin or oxide thereof, in the mixtur 
to 2. 

„. A method .ccrding to of oX.im. 7 to 12. 

il\.Hich the mixture i. eintered .t . temperature 
from 600** to 720°C. 
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product i. .r::;:rr'":'' - ,.««.ea 




FiqA. 




(y*) 3jvd Noiivim 
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